. MSC USA serratia marcescens are Gram-negative bacteria that were often used by the U.S. military and others to track movement of bacteria in the environment. As part of ongoing construction at Fort Detrick, Maryland, what appeared to be a small bomblet was found buried in the ground at the site of an old test grid. A sample of a clear, straw-colored liquid was aseptically removed from the plastic reservoir; the results of routine cultures on standard bacteriological media were negative. DNA was extracted from the sample and found to be 99% identical to S. marcescens. These results demonstrate the ability to identify the contents of a biological munition that had been buried for -50 years.
Introduction

S
erratia marcescens is a Gram-negative, saprophytic bacillus classified as a member of the Enierobacteriaceae family. It was originally considered to be an innocuous nonpathogenic organism and was frequently used as a biological marker because of its characteristic production of a red pigment, prodigiosin. which produced easily recognized red colonies wben grown on artificial media. For these reasons. S. marcescens (along with Bacillus globigii^ was commonly used by the U.S. military as a bioweapon (BW) simulant in a variety of open-air. mock-BW attack exercises from the 1940s through the 1960s.' Since that time. S . marcescens has been identified as an important cause of nosocomial infections of the past 30 years, predominantly in immunocompromised patients, and its use as a biological marker in the environment has ceased.T oday. Fort Detrick, Maryland, is home to the U.S. Army Medical Research Institute of Infectious Diseases and is the center of the military's biodefense research efforts. Before 1969. however. Fort Detrick was the site of the U.S. offensive BW program. As part of that program, open-air tests using S. marcescens and B. globigii were conducted in "area B." an area established as a proving ground for outdoor testing. Area B was laid out in a circular grid, with a series of seven concentric circles, and was designed to test the flow of materials through the air. In its history, area B was also used as a sanitary landfill, a disposal site, and a working farm.^ At no time was area B ever used to test the release of actual BW agents. 
Case Report
As part of ongoing construction at Fort Detrick, multiple pieces of a biological munition were uncovered at the former location of the area B test grid. These pieces included castings, an impinger and aerosol disperser, and a plastic biological reservoir, which contained --30 mL of a clear, straw-colored liquid (Fig. 1| , The volume and appearance of the liquid were consistent with what would be expected for this type of vessel (W. Patrick, unpublished data). Tlie reservoir was lying on top of the soil, intact, with no visible signs of leakage. By using a pair of sterile surgical gloves, the reservoir was placed in a sealed bag, which was placed inside a 3-inch-diameter. stainless steel container with a lid: the container was sealed and then safely transported to the Diagnostic Systems Division. U.S. Army Medical Research Institute of Infectious Diseases, for analysis.
Laboratory Testing
When the reservoir was received in the laboratory, it was placed in a biological safety cabinet and removed from the secondary packaging for inspection. The reservoir was initially covered with soil residue but appeared otherwise intact. The soil was wiped off with a 10% bleach solution, which revealed that the thick, opaque, plastic reservoir was still sealed, with no visible cracks. An aliquot of the liquid bomb fill was removed aseptically by using a needle and syringe and was cultured both aerobically and anaerobically on routine bacteriological media. Total DNA was extracted from a 200-^L aliquot of the sample by using a QIAamp DNA mini kit (Qiagen, Valencia, California), according to the manufacturer's instructions. All oligonucleo-
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Attempts at culturing the liquid bomb iill both aerobically and anaerobically. on routine microbiological media, yielded negative results. DNA was extracted from an aliquot of the liquid and subjected to 16S rRNA PCR. Multiple overlapping amplicons that covered the majority of the bacterial 16S rRNA gene were generated (Fig. 2) , The sequences of the individual 16S rRNA amplicons were assembled into a 1.469-base pair contiguous sequence and submitted to a Basic Local Alignment Search Tool database search, which showed 99,86% similarity to two S. marcescens entries. The closest matches were to S. marcescens subsp, sakuensis (GenBank accession no. AB06161851, a unique, spore-forming. S. marcescens strain originally isolated from a wastewater treatment tank in Japan/ and S. marcescens (GenBank accession no. AB0616851. which was part of the bacterial flora of the sheep scab mite,^ The presence of S. marcescens in the sample was confirmed by perlbrming PCR and sequencing an additional gene target [rpoB] . The q)oB gene encodes the bacterial RNA polymerase /3-subunit and has been extensively used for sequence-based identification and molecular phylogeny of bacterial pathogens,^''^ PCR using primers targeting conserved regions of the rpoB gene yielded an amplicon of the expected size (data not shown). Sequence analysis of the amplicon revealed 100% (42 of 42 positions) nucteotide sequence identity to S. marcescens (GenBank accession no. U77449). Phylogenetic analysis showed the relationships of the sequence recovered from the liquid bomb fill to other bacterial 16S rRNA (Fig. 3) and rpoB (Fig. 4) sequences.
Discussion
This study represents the first comprehensive examination of the contents of a biological munition recovered from the time of the U.S, offensive BW program , Although the exact age of the munition is not known, the munition was estimated to be between 46 and 52 years old. based on when this type of munition was used at Fort Detrick (W. Patrick, personal communication).
Multiple precautions were taken to avoid cross-contamination of samples, including conducting sample processing, PCR, and post-PCR analysis in separate rooms. Other precautions were taken from recently published criteria for the authentication of molecular data in paleomicrobiology'^ and included (i) not using a positive control, (ii) using a new primer sequence that had not previously been amplified in the laboratory, (iii) sequencing the amplicon to confirm its identity, and (iv) confirming a positive result by ampliiying and sequencing a second target.
S. marcescens, which was once thought to be an innocuous soil bacterium, was often used as a biological marker during the U.S, offensive BW program, In fact, this is not the first time a BW simulant has been identified from the liquid bomb fill of a buried biological munition. In 1995. construction workers at WrightPatterson Air Force Base, near Dayton, Ohio, uncovered a buried cache of biological munitions, which were shown to contain nonviable Bmcella suis.' ^ To our knowledge, however, this is the first report of S. marcescens being identified from a biological munition buried in the ground for -50 years. Our results are consistent with S. marcescens being used as a BW simulant and highlight the use of molecular techniques to detect and to identify bacterial organisms from the past that can no longer be cultivated.
